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There is an increasing demand for diagnostic testing for Giardia intestinalis (G. lamblia) and Cryptosporidium
parvum, with a priority being placed on obtaining diagnostic results in an efficient and timely manner. Several
commercial companies have developed rapid diagnostic tests that are simple to perform and can be completed
in less time than traditional methods for detecting Giardia and Cryptosporidium. We compared one of these
rapid tests, the ImmunoCard STAT! (Meridian Bioscience, Inc.) lateral-flow immunoassay, with the MERI-
FLUOR direct fluorescent-antibody (DFA) test, the ProSpecT EZ microplate assay for Giardia and the
ProSpecT microplate assay for Cryptosporidium, and modified Kinyoun’s acid-fast stained smears for the
detection of Cryptosporidium using 246 specimens. The MERIFLUOR DFA (Meridian Bioscience, Inc.) test
detected the largest number of cases (32 Giardia and 37 Cryptosporidium) infections and was used to calculate
the sensitivity and specificity of the other tests. For Giardia, the sensitivities of the ImmunoCard STAT! and
the ProSpecT Giardia EZ microplate assay (Alexon-Trend, Inc.) were 81 and 91%, respectively. For detection
of Cryptosporidium, the sensitivities of the ImmunoCard STAT!, the ProSpecT Cryptosporidium microplate
assay (Alexon-Trend, Inc.), and modified Kinyoun’s acid-fast stained smears were 68, 70, and 78%, respectively.
Test specificities were equal to or greater than 99%. Specimens with very small numbers of organisms were not
detected by the ImmunoCard STAT!, the ProSpecT microplate assay or modified Kinyoun’s acid-fast stained
smears.

Giardia intestinalis (G. lamblia) and Cryptosporidium parvum
are recognized as two of the most common intestinal proto-
zoan parasites infecting humans in the United States (7, 9).
Outbreaks of giardiasis and cryptosporidiosis, which occur via
fecal-oral transmission, are associated with consumption of
contaminated food (21, 22) and drinking water (2) and use of
day care centers (26) and recreational water venues (2, 3, 16).
Definitive diagnosis requires the microscopic identification of
G. intestinalis cysts or trophozoites or C. parvum oocysts in
stool samples (11, 19). Giardiasis is often hard to diagnose
because of intermittent shedding of organisms (6), requiring
examination of stool specimens collected over several days. C.
parvum may be challenging to detect on modified Kinyoun’s
acid-fast stained smears due to its small size (4 to 6 �m) (20)
and variable staining of the oocysts. Furthermore, microscopic
identification requires trained microscopists and involves time
and labor for preparing, staining, and examining smears (17,
18, 23, 25, 27). As a result, immunoassays for the detection of
Giardia and Cryptosporidium stool antigens have replaced mi-
croscopy as the routine diagnostic procedure of choice in many
hospitals and public health laboratories (12). These immuno-
assays are reported to be as sensitive and specific as traditional
microscopic methods and increase laboratory efficiency by re-
ducing labor, time, and costs (12).

The most widely used antigen detection immunoassays for

Giardia and Cryptosporidium are the direct fluorescent-anti-
body (DFA) tests (13), which detect intact organisms, and
enzyme immunoassays (EIAs), which detect soluble stool an-
tigens (10, 12). DFA tests utilize fluorescein-labeled antibodies
directed against cell wall antigens of Giardia cysts and Crypto-
sporidium oocysts and allow visualization of the intact para-
sites, providing a definitive diagnosis. The sensitivity and spec-
ificity of the most commonly used commercial DFA test, the
MERIFLUOR DFA test, have been reported to be 96 to 100%
and 99.8 to 100%, respectively, for both Giardia and Crypto-
sporidium (12, 13, 15, 25, 27). This test has a greater sensitivity
than traditional examination of permanent smears for Giardia
(17) and a sensitivity equal to or greater than that of traditional
examination of permanent smears prepared from concentrated
stool specimens for Cryptosporidium (15). Commercially avail-
able EIAs use antibodies for the qualitative detection of Giar-
dia- and Cryptosporidium-specific antigens in preserved stool
specimens (5, 24). The reported sensitivities of EIAs range
from 94 to 97% and specificities range from 99 to 100% (12, 15,
27). Advantages of the EIA are as follows: (i) numerous sam-
ples can be screened at one time (11), and (ii) tests can be read
objectively on a spectrophotometer instead of subjectively on a
fluorescence microscope. However, problems with false-posi-
tive (8) and false-negative (14) test results have been reported.

Immunochromatographic lateral-flow immunoassays (rapid
assays) for both Giardia and Cryptosporidium have become
popular diagnostic tools (10) because they eliminate the need
for trained microscopists and costly equipment and can be
completed in 10 min rather than the 1 to 2 h required to
perform DFA tests or EIAs. These tests are simple, 10-min
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card assays that have a reported sensitivity of greater than 97%
and a specificity of 100% (4, 10).

We compared the ImmunoCard STAT! (a rapid assay) (Me-
ridian Bioscience, Inc., Cincinnati, Ohio) to the MERI-
FLUOR Cryptosporidium/Giardia DFA test (Meridian Bio-
science, Inc.), ProSpecT Giardia EZ microplate assay (EIA)
(Alexon-Trend, Inc., Ramsey, Minn.), and ProSpecT Crypto-
sporidium microplate assay (EIA) (Alexon-Trend, Inc.) for the
detection of Giardia and Cryptosporidium, respectively, as well
as modified Kinyoun’s acid-fast stained smears for the detec-
tion of Cryptosporidium, to determine the usefulness of the
ImmunoCard STAT! test for the diagnosis of giardiasis and
cryptosporidiosis.

MATERIALS AND METHODS

Stool specimens. A total of 246 human fecal specimens from two different sites
were collected and preserved in 10% formalin; 177 of these specimens were
collected from adults and children in Leogane, Haiti, and 69 were collected in the
United States in conjunction with a C. parvum recreational-water outbreak. All
specimens were collected and used for this study under guidelines established in
Institutional Review Board-approved protocols.

Assays. A formalin-ethyl acetate concentration procedure was performed on
all specimens before performing the DFA test and preparation of modified
acid-fast stained smears. Specimens were centrifuged twice at 500 � g for 10 min
to concentrate (19). The MERIFLUOR Cryptosporidium/Giardia DFA test was
performed on each specimen as specified by the manufacturer (Meridian Bio-
science Inc.). One drop, approximately 10 �l, of the concentrated sediment was
thinly spread onto each well of the treated slide. The entire well was examined
by fluorescence light microscopy with a 20� objective, and the results were
recorded. Organisms detected by the DFA test were counted and classified as
rare (�25), few (26 to 175), moderate (176 to 275), and many (�275). Smears of
formalin–ethyl-acetate-concentrated material from the 69 U.S. specimens were
stained with modified Kinyoun’s acid-fast stain (1). Smears approximately 20 by
20 mm were examined with a 100� oil immersion objective, and the presence or
absence of Cryptosporidium organisms was recorded. The ProSpecT Giardia EZ
and ProSpecT Cryptosporidium microplate assays were performed on unconcen-
trated formalin-fixed specimens as specified by the manufacturer (Alexon-Trend,
Inc.). Specimens were considered positive if the optical density at 450 nm was
0.050 or greater.

The ImmunoCard STAT! Cryptosporidium/Giardia rapid assay was performed
on unconcentrated formalin-fixed stool specimens as specified by the manufac-
turer (Meridian Bioscience, Inc.). Results were visualized after 10 min. A posi-
tive control line was visible on the device each time the test was completed
successfully. A positive reaction appeared as a grey-black band visible at the
Giardia or Cryptosporidium area in the test window. Any reaction in the test
window, regardless of color intensity, was interpreted as a positive result. No
reaction in the test window and a positive control line was interpreted as a
negative result. Tests on samples with weak or faint reactions using the Immu-
noCard STAT! were repeated, and the results were read by two readers. Any of
the assays above that gave discrepant results were tested twice for accuracy, and
the original results were confirmed in all instances.

Calculations. For this study, the MERIFLUOR DFA test was considered the
“gold standard” for detecting both Giardia and Cryptosporidium and was assigned
sensitivity and specificity rates of 100%. Sensitivity was calculated as the number

of positive test results divided by the sum of the DFA-positive results and
multiplied by 100. Specificity was defined as the number of negative test results
divided by the sum of the DFA-negative results and multiplied by 100.

RESULTS

A total of 246 formalin-fixed stool specimens were examined
for the presence of Giardia and/or Cryptosporidium. Of these
specimens, 32 were positive for Giardia and 37 were positive
for Cryptosporidium using the MERIFLUOR DFA test. The
results of all tests are shown in Table 1, and sensitivity and
specificity rates for all methods are shown in Table 2.

Results from 26 of 32 DFA-positive Giardia specimens were
concordant. The ImmunoCard STAT! rapid assay failed to
detect six specimens and the ProSpecT EZ microplate assay
failed to detect three specimens which were positive for Giar-
dia using the DFA test. One specimen was positive for Giardia
using the ProSpecT EZ microplate assay and the ImmunoCard
STAT! rapid assay. Test results were concordant for 25 of the
specimens that were positive for Cryptosporidium. A total of 14
specimens produced discordant results (Table 3). Of these, 12
specimens were negative by ImmunoSTAT! rapid assay, 11
were negative by the ProSpecT microplate assay, and 8 were
negative by modified Kinyoun’s acid-fast stained smears. Two
specimens were negative using the DFA test and modified
Kinyoun’s acid-fast stained smears but generated positive re-
sults using the ImmunoCard STAT! rapid assay and/or the
ProSpecT microplate assay. We also examined the results
based on the relative number of parasites present in the spec-
imen (Table 4). Most of the discrepant negative results were
seen in specimens with rare or few parasites.

Interpretation of the ImmunoCard STAT! results from the
specimens was sometimes problematic because of the low in-
tensity of the bands produced in the test. Also, the intensity of

TABLE 1. Comparison of diagnostic procedures for the detection of Giardia and Cryptosporidium in stool specimens

MERIFLUOR DFA results No. of
specimens

No. of positive specimens by:

ProSpecT
EIA

ImmunoCard
STAT!

Modified Acid-Fast
Stained Smears

Giardia positive 32 29 26 NAa

Giardia negative 214 1 1 NA
Cryptosporidium positive 37 26 25 29b

Cryptosporidium negative 209 1 2 40b

a NA, not applicable.
b A total of 69 specimens were examined for the presence of Cryptosporidium using modified Kinyoun’s acid-fast stained smears.

TABLE 2. Sensitivity and specificity of assays for the detection of
Giardia and Cryptosporidium in stool specimensa

Assay Sensitivity (%) Specificity (%)

Giardia
ProSpecT microplate EZ 90.6 99.5
ImmunoCard STAT! 81.3 99.5

Cryptosporidium
ProSpecT microplate 70.3 99.5
ImmunoCard STAT! 67.6 99.0
Acid-fast stained smears 78.4 100.0

a The MERIFLUOR DFA test was used as the gold standard.
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the positive control band was always much stronger than that
of any of the specimens tested. Furthermore, band intensity
was not proportional to the numbers of organisms in the spec-
imen, as determined by the DFA test and modified Kinyoun’s
acid-fast stained smears, or to the EIA optical density readings.

DISCUSSION

We compared the ImmunoCard STAT! rapid assay to other
currently available techniques for the detection of Giardia and
Cryptosporidium. The specificity of all tests was �99%. The
ImmunoCard STAT! was the least sensitive test evaluated for
both Giardia and Cryptosporidium.

The results of this study indicate that the MERIFLUOR
DFA is the most sensitive detection method tested in this study
for these organisms in stool specimens. This test was accepted
as the gold standard in this study; however, no testing was
performed to determine if there were any false-negative re-
sults. Our results also show that although the ImmunoCard
STAT! and the ProSpecT microplate assays generally detect
positive samples with �175 organisms/10 �l, they often fail to

detect samples with small numbers of parasites. This problem
is most apparent with Cryptosporidium infections: the Immu-
noCard STAT! missed 12 of 12 and the ProSpecT EIA missed
11 of 12 samples with parasite densities of �175/10 �l. Al-
though the Giardia assays appear to be less strongly affected by
parasite density rates, the six samples not detected by the
ImmunoCard STAT! assay contained sufficiently few organ-
isms to be classified as containing rare organisms.

In all cases when positive results were obtained using the
DFA test but not the other tests, the patients were symptom-
atic with diarrhea. Our data suggest that a large percentage of
ill persons would have not have been properly diagnosed if the
ProSpecT EIA or ImmunoCard STAT! had been the sole
method for detecting Giardia or Cryptosporidium.

One Giardia and two Cryptosporidium specimens were pos-
itive by the ProSpecT EIA and/or the ImmunoCard STAT! but
were negative by the MERIFLUOR DFA test and were there-
fore classified as false-positive results. The DFA test detects
only intact Giardia cysts or Cryptosporidium oocysts, and the
EIA and the rapid assay detect antigen, which may persist after
the patient stops shedding intact organisms. Therefore, the
results we obtained may not be false-positives but may repre-
sent recently cured cases.

Over the past several years, EIA kits for the detection of
Cryptosporidium antigens in stool have been reported to have
problems with specificity and sensitivity, resulting in significant
numbers of false-positive (8) and false-negative (14) results. In
this study, the ImmunoCard STAT! and ProSpecT EIA were
less sensitive than the MERIFLUOR DFA test for the detec-
tion of Giardia and Cryptosporidium. In low-prevalence popu-
lations, tests such as the EIA or the rapid assay, with a low
sensitivity as described, should not be used as screening tests or
as the sole method of diagnosing giardiasis and cryptosporidi-
osis.
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